The pH dependence of the mechanism of reaction of hydrogen peroxide with a nonaggregating, non-,R-oxo dimer-forming iron(HI) porphyrin in water ( Contributed by Thomas C. Bruice, March 3, 1986 ABSTRACT The reaction of hydrogen peroxide with 5, 10,15,20-tetrakis(2,6-dimethyl-3-sulfonatophenyl)porphinatoiron(Il) hydrate [(P)Fem(H20)] has been investigated in water between pH 1 and pH 12. The water-soluble (P)Fe"'(H20) neither aggregates nor forms a ,.-oxo dimer. The pH dependence and rate-limiting second-order rate constants (k1y) for oxygen transfer from H202 and H02 to the iron(III) porphyrin were determined by trapping of the resultant higher-valent iron-ox~o porphyrin species with 2,2'-azinodi(3-ethylbenzthiazoline)-6-sulfonate (ABTS). Reactions were monitored spectrophometrically by following the'appearance of the radical ABTS-+. From a plot of the logarithm of the determined second-order rate constants for reaction of hydrogen peroxide with iron(EI) porphyrin vs. pH, the composition of the
transition states can be assigned for the three reactions that result in oxygen transfer to yield a higher-valent iron-oxo porphyrin species. The latter not only reacts with ABTS to provide ABTS+ in a peroxidase-type reaction but also reacts with hydrogen peroxide to provide 02 in a catalase-type reaction? The nitrogen base 2,4,6-coflidine serves as a catalyst for oxygen transfer from hydrogen peroxide to the (P)Fe"'-(H20) and (P)Fem(HO) species. The preferred mechanism involves a 1,2-proton shift concerted with heterolytic cleavage of the peroxide O-O bond. An analogous mechanism is believed to occur in the peroxidase enzymes.
A knowledge of the mechanism of reaction of hydrogen peroxide with iron(III) porphyrins is germane to our understanding of the mechanisms of the peroxidase (1) and catalase (2) enzymes and the peroxide shunt reaction of the cytochrome P-450 enzymes (3) (4) (5) (6) (7) (8) (9) (10) . Though the reaction of hydrogen peroxide with various iron(III) porphyrins in H20 has received considerable attention, we find that much of the past work (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) is both incomplete and obscured by the occurrence of metalloporphyrin destruction, aggregation in water, and dimerization in basic media. These difficulties have prevented investigators from carrying out a thorough pH dependence study on this biologically relevant reaction. To accomplish such a study it is necessary that the iron(III) porphyrin be water soluble, nonaggregating, and sterically blocked to prevent u-oxo dimer formation. In addition, the higher-valent iron-oxo porphyrin species formed upon oxygen transfer from hydrogen peroxide to iron(III) porphyrin should be trapped by a suitable substrate to prevent its degradation. These requirements have been completely met by utilizing 5,10,15,20-tetrakis(2,6-dimethyl-3-sulfonatophenyl)porphinatoiron(III) hydrate [(P)Fe"'1(H20)] (P) Fe"' (HO2) as the iron(III) porphyrin and 2,2'-azinodi(3-ethylbenzthiazoline)-6-sulfonate (ABTS) as trapping reagent.
METHODS AND MATERIALS
(P)Fe"'l(H20) has been synthesized and characterized elsewhere (24) . The diammonium salt of ABTS was obtained from Sigma. 2,4,6-Collidine was purchased from Aldrich and shown to be 99.9% pure by gas chromatography. All (25) in favor of rate-determining homolytic bond scission for the reaction of 5,10,15,20-tetrakis-(phenyl)porphinatoiron(III) chloride with alkyl peroxides and hydrogen peroxide in methanol (Eq. 2). In Eq. 2 the species (+.Ph4P)FeIvO(Cl) represents the chloride salt of the iron(IV)-oxo tetraphenylporphyrin ir-cation radical. catalysis is attributed to general-acid and general-base catalysis, then catalysis by both oxygen acid and base buffers would be expected. The rate constants for general-acid and general-base catalyzed proton transfer from oxygen are primarily dependent on the proton basicity of the buffer base and secondarily on electrostatic effects (26) (27) (28) (29) 
